\ TIRTECH.015A PATENT 
ILLUMINATION DEVICE FOR NON-EMISSIVE DISPLAYS 

Background of the Invention 
The present invention relates generally to a device for illuminating a display, 
and, more particularly, to an illumination device which uniformly injects light into an 
5 optical cavity, such as a waveguide. 

Illumination devices are used to illuminate non-emissive displays, such as LCD 
displays for personal digital assistants or cellular phones. One type of illumination 
device comprises a waveguide having a plurality of light sources disposed along the 
periphery of the waveguide. The light sources are energized and the emitted light 
10 illuminates the waveguide. 

It is highly desirable for the illumination to be bright and substantially uniform 
across the area of the display. However, in prior art, the intensity of the light from 
the light sources tends to decrease as the distance from the light source increases, 
thereby causing undesirable bright spots along the periphery of the display where the 
15 light sources are mounted. 

Miniature fluorescent tubes are commonly used as light soxirces. Such tubes 
do not produce much heat, and thus, minimize heat build-up. However, they are not 
very bright. Solid state point light sources, such as LEDs, are relatively bright, but 
h^ve relatively small thermal mass which causes a relatively high amount of heat 
20 build-up. Such heat build-up can cause the level of light output of the LEDs to 
m significantly decrease over time after the LED is initially energized. Consequently, 

the brightness of the illumination is degraded. 

In view of the foregoing, there is a need for a compact device and method for 
injecting light into the periphery of a waveguide such that the waveguide provides a 
25 bright, uniform illumination for the display. 

Summary of the Invention 
The present invention comprises an illumination device utilizing a waveguide. 
A series of point light sources are mounted in spaced relationship adjacent a peripheral 
portion of the waveguide. A series of diffusive reflective surfaces are provided 
30 adjacent the peripheral portion of the waveguide between pairs of the point light 
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sources. The diffusive reflective surfaces are oriented relative to the series of point 
light sources and the waveguide so as to introduce light into regions of the waveguide 
between pairs of the point light sources, such that the peripheral portion of the 
waveguide is substantially uniformly illuminated. Preferably, the diffusive reflective 
surfaces comprise a series of posts mounted in spaced relationship adjacent the 
peripheral portion of the waveguide. In the preferred embodiment, the point light 
sources comprises LEDs, and a heat sink is coupled to the point light sources to draw 
heat therefrom. An angular spectrum restrictor, such as a brightness enhancing film, 
is preferably included in combination with a diffuser to enhance the brightness of the 
output. 

In accordance with another aspect of the invention, a series of diffusive 
reflective optical cavities are formed by diffusive reflective surfaces. Each of the 
cavities has an entry mouth sized to receive a point light source and an exit mouth. 
A point light source is mounted at each of the entry mouths. A peripheral portion of 
a waveguide extends along the exit mouth of the diffusive reflective optical cavity. 

A further aspect of the invention comprises an illumination device utilizing an 
optical cavity having an output aperture and a series of diffusive reflective optical 
cavities, each substantially smaller than the aforesaid optical cavity. The series of 
optical cavities have exit mouths disposed along a side of the aforesaid optical cavity. 
A series of point sources of light are mounted to emit light into the series of optical 
cavities, respectively, whereby light is injected from the exit mouth into a peripheral 
portion of the optical cavity. 

An additional aspect of the invention comprises a method of illuminating a 
waveguide. Light emitted by a first point light source is confined using diffusive 
reflective surfaces to reflect the light. This confining is repeated for additional point 
light sources. All of the confined light is spatially arranged to substantially uniformly 
illuminate a peripheral portion of the waveguide. 

Brief Description of the Drawings 

These and other features of the invention will now be described with reference 
to the drawings of a preferred embodiment, which are intended to illustrate and not 
to limit the invention, and in which: 



Figure 1 A is a perspective view of a personal digital assistant incorporating one 
embodiment of the illumination device of the present invention; 

Figure IB is a cross-sectional view of the personal digital assistant along line 

IB- IB of Figure lA; 

Figure 2 is an exploded view of the illumination device of the present 

invention; 

Figure 3 is a top view of a light guide of the illumination device; 

Figure 4 is a side view of the light guide of Figure 3; 

Figure 5 is a top view of a waveguide of the illumination device; 

Figure 6 A is a side view of the waveguide of Figure 5; 

Figure 6B is an end view of the waveguide of Figure 5; 

Figure 7 is a top view of a cover of the illumination device; 

Figure 8 is a side view of the cover of Figure 7; 

Figure 9 is a top view of a heat sink of the illumination device; 

Figure 10 is a side view of the heat sink of Figure 9; 

Figure 1 1 is a top view of the illumination device; 

Figure 12 is a cross-sectional view of the illumination device along line 12-12 
of Figure 11; 

Figure 13 is an enlarged top view of a portion of the light guide used with the 

illumination device; 

Figure 13 A is a fragmentary plan view of an altemative embodiment of the 
waveguide in which diffusive reflective cavities are formed by the waveguide material; 
and 

Figure 14 is a graph illustrating the increased efficiency of the illumination 
device incorporating the heat sink component. 

Detailed Description of the Preferred Embodiment 

With reference to Figures lA and IB, one embodiment of the illumination 
device 40 (Figure 2) of the present invention is incorporated into a personal digital 
assistant 30 comprised of an outer housing 32 that supports a display 36, such as, for 
example, a liquid crystal display (LCD). As best shown in Figure IB, the LCD 
display 36 has a front face 37 and an opposed rear face 38. The illumination device 



40 is located within the outer housing 32 in a juxtaposed relationship with the display 
36 and is configured to act as a backlight to the display 36. In the illustrated 
embodiment, a set of electronic components 33 are located rearward of the 
illumination device 40 for providing power to the illumination device 40 and to the 
5 personal digital assistant 30 in a well knovm manner. While described in the context 

of backlighting a personal digital assistant, it will be understood that the invention 
may be used as a backlight for other devices, such as, for example, a cellular phone, 
pager, camcorder, digital camera, or global positioning system display. Moreover, 
although described herein as a backlight, it will be appreciated that the illumination 
10 device 40 may be also be used as an illumination device in any of a wide variety of 
applications, including as a front light. 

With reference to the exploded view of Figure 2, the illumination device 40 
comprises a plurality of components, including a heat sink 42, a light guide 44, a 
5 waveguide 46, a cover 48, and a fihn stack 49. A plurality of point light sources, 

Q 15 such as light-emitting diodes (LEDs) 50, are positioned adjacent the peripheral edges 

y . of the light guide 44 and are configured to inject light into the waveguide 46, as 

Jr described in more detail below. In the illustrated embodiment, each of a pair of LED 

^ strips 51, such as printed circuit boards or electrical-conductive strips, mount the 

Q LEDs 50 in a linear array with equidistant spacing. The LEDs 50 within a strip 51 

J 20 are parallel connected and the two strips 51 are series connected to one another via 

m an electrical conductor 54. The various components of the illumination device 50 are 

J mechanically coupled to one another, as described more fully below with reference to 

Figures 11 and 12. 

With reference to Figures 3 and 4, the light guide 44 of the disclosed 
25 embodiment comprises a planar member 56 having a substantially flat top surface 57 
and an opposed, substantially flat bottom surface 58 parallel thereto. The planar 
member 56 is rectangular-shaped so as to define a pair of substantially straight, 
opposed side edges 62a and 62b (referred to collectively as "side edges 62") and a pair 
of opposed, substantially straight end edges 63a and 63b (referred to collectively as 
30 "end edges 63"). The end edges 63 are both shorter than either of the side edges 62. 



A plurality of guide members 60 are disposed in a spaced, side-by-side 
relationship along each of the side edges 62a and 62b of the planar member 56. In 
the illustrated embodiment, each of the guide members 60 comprises a post with a 
triangular cross-section that extends upwardly from the top surface 57 of the planar 
member 56. The post-shaped guide members 60 on the edge 62a will be referred to 
as the members 60a and those on the edges 62b will be referred to as the members 
60b. The portion of the top surface 57 between the post-shaped guide members 60a 
and the post-shaped guide members 60b forms a waveguide receiving region. 

The guide members 60 each include a pair of flat side surfaces 65 that angle 
toward each other and intersect to form an apex line 66 that points toward the 
waveguide receiving region. For clarity, the apexes 66 of the guide members 60a are 
designated using the suffix "a" and the apexes 66 of the guide members 60b are 
designated using the suffix "b." Preferably, the guide members 60a are positioned 
such that the apexes 66a are aligned along a first edge or boundary of the waveguide 
receiving region. Similarly, the guide members 60b are preferably positioned such 
that the apexes 66b are aligned along a second edge or boundary of the waveguide 
receiving region. The aforementioned side surfaces 65 of each post-shaped guide 
member 60 are disposed at an angle of about 45° relative to the adjacent boundary of 
the waveguide receiving region. The remaining surface of the post-shaped guide 
member 60 is parallel to the side edges 62. 

In the illustrated embodiment, the top surfaces of the post-shaped guide 
members 60 are substantially flat and parallel to the top surface 57. Moreover, it will 
be understood that the side surfaces 65, while flat in the disclosed embodiment, may 
also be curved to form convex or concave surfaces. 

With reference to Figures 3 and 4, the guide members 60 are spaced apart 
along the side edges 62 so as to define a plurality of spaces 70 between adjacent guide 
members 60. Each of the spaces 70 is substantially funnel-shaped so as to form a 
relatively narrow entry mouth 71 adjacent the side edges 62. The spaces 70 gradually 
widen in size moving from the entry mouths 71 toward the apexes 66 of the guide 
members 60 to thereby form an exit mouth between the apexes 66 adjacent the 
boundary of the waveguide receiving section. The exit mouths are wider than the 



entry mouths 71. Moreover, the entry mouths 71 of the spaces 70 are preferably each 
configured to receive light from one of the LEDs 50 which are mounted adjacent 
thereto, as described more fully below. 

The top surface 57 of the planar member 56 and the side surfaces 65 of the 
guide members 60 are comprised of a material which diffusively reflects light 
impinging thereon. In one embodiment, the top surface 57 of the planar member 56 
and the side surfaces 65 of the guide members 60 are coated with a diffusive reflective 
material. Alternately, the planar member 56 and guide members 60 may be 
manufactured of a diffusive reflective material. In either case, the top surface 57 and 
the side surfaces 65 preferably have a reflectivity of at least 90%. More preferably, 
the top surface 57 and the side surfaces 65 have a reflectivity of at least 94% and, 
most preferably, the reflectivity of the surfaces 57 and 65 is at least 99%. 

The diffusive reflective material on the top surface 57 and the side surfaces 65 
may comprise a coating of one or more layers of diffusely reflective tape, such as 
DRP™ Backlight Reflector, manufactured by W.L. Gore & Associates. DRP™ 
Backlight Reflector has a reflectivity of approximately 97%-99.5%, depending on the 
thickness of the material and the wavelength of the light. Altematively, the reflective 
material could comprise a paint or coating that is applied to the top surface 57 and the 
side surfaces 65, such as white house paint or a more exotic material, such as the 
Labsphere Corporation's Spectraflect paint. Spectraflect paint's reflectivity is 
considerably higher than house paint, roughly 98%, while the reflectivity of a good 
white house paint is approximately 90%. As mentioned, the planar member 56 and 
the guide members 60 may also be manufactured of a diffusive reflective material, 
such as, for example, cycolac, which is manufactured by General Electric. Cycolac 
has a reflectivity of approximately 94%. 

Figures 5, 6 A, and 6B are top, side, and end views, respectively, of the 
waveguide 46. In the illustrated embodiment, the waveguide 46 is substantially 
rectangular-shaped and includes a top surface 90 and an opposed bottom surface 92. 
The bottom surface 92 of the waveguide 46 is curved so as to form a longitudinal 
indentation or trough in the center of the waveguide extending in a direction parallel 
to the first and second edges of the waveguide. As best shown in Figure 6B, the 




curvature of the bottom surface 92 is smooth and continuous so as to define an area 
of reduced thickness in the center portion of the waveguide 46, and provide an air 
space between the bottom surface 52 and the top surface 57 of the light guide 44. 
Such air gap provides a low index substance (i.e., air) along the bottom surface 92 to 
enhance the waveguiding function of the guide 46. The bottom surface 92 follows a 
geometric contour that redirects light propagating in the waveguide between the top 
surface 90 and the bottom surface 92, so that more of the light exits the center portion 
of the waveguide, thereby providing more uniform illumination from the top surface 
90 of the waveguide 46. 

A pair of opposed side surfaces 94a and 94b (referred to collectively as "side 
surfaces 94") and a pair of opposed end surfaces 95a and 95b (referred to collectively 
as "end surfaces 95") connect the top surface 90 to the bottom surface 92 and define 
the periphery or perimeter of the waveguide 46. The distance between the top and 
bottom surfaces 90 and 92 along the side surfaces 94 is substantially equal to the 
height of the post-shaped guide members 60, which in the disclosed embodiment is 
approximately 0.067 at the side surfaces 94. Preferably, the waveguide 46 is sized to 
be positioned on the light guide 44 between the guide members 60 such that the side 
surfaces 94a and 94b abut the apexes 66a and 66b, respectively, of the guide members 
60. The end surfaces 95 are preferably coated with a reflective material, such as 
described above with respect to the light guide 44. 

The waveguide 46 is preferably comprised of a material that is transparent to 
light produced by the LEDs 50, such, as a transparent polymeric material, and may be 
manufactured by various well-known methods, such as machining or injection 
molding. Preferred materials for the waveguide 46 are acrylic, polycarbonate, and 
silicone. Acrylic, which has an index of refraction of approximately 1.5, is scratch 
resistant and has a lower cost relative to polycarbonate. Polycarbonate, which has an 
index of refraction of approximately 1.59, has higher temperature capabilities than 
acrylic. Polycarbonate also has improved mechanical capabilities over acrylic. 
Silicone has a refractive index of approximately 1.43. Alternatively, the waveguide 
46 may be formed by a set of diffusive reflective surfaces that enclose an optical 
cavity containing a light transmissive medium, such as air. 




The waveguide may be injection molded to include v-shaped grooves that are 
configured to be positioned within the spaces 70 between the guide members 60. In 
such case, the LEDs may be butt coupled to the waveguide by a suitable coupling gel. 

With reference to Figures 7 and 8, the cover 48 of the illumination device 40 
comprises a frame member 80 that is substantially planar in configuration and sized 
to fit over the light guide 44. An aperture 82 extends through the frame member 80 
so as to define an optical output area or illumination region through which light 
escapes from the illumination device 40 to thereby illuminate the LCD display 36, as 
described more fully below. In the illustrated embodiment, the aperture 82 is 
rectangular-shaped, which corresponds to the rectangular shape of the display 36 of 
the personal digital assistant 30. It will be appreciated, however, that the aperture 82 
may define any of a wide variety of shapes and sizes depending upon the desired 
shape and size of the illumination region. 

As best shown in Figure 8, the illustrated embodiment of the cover 48 includes 
a pair of opposed end walls 84 and 86 that extend downwardly from opposite end 
edges of the frame member 80. The end walls 84 and 86 preferably define a distance 
therebetween that is slightly larger than the distance between the end edges 63 of the 
light guide 44. Accordingly, the light guide 44 may be positioned snugly between the 
end walls 84 and 86 of the cover 48. Each of the walls 84 and 86 extends 
perpendicularly from a top wall 85. Preferably, the interior surfaces formed by the 
walls 84, 85, and 86 are coated with the same diffusive reflective material as the 
surface 57 and the surfaces 65. Additionally, the end walls 84 and 86 are sized so 
that the top wall 85 abuts the tops of the post-shaped guide members 60. 

With reference to Figures 9 and 10, a preferred embodiment of the illumination 
device 40 further comprises the heat sink 42 which is configured to be coupled to the 
light guide 44, as described more fully below. In the illustrated embodiment, the heat 
sink 42 comprises a substantially flat base portion 96 and a pair of opposed side walls 
98a and 98b (referred to collectively as "side walls 98") that extend upwardly along 
opposite end edges of the base portion 96. As best shown in Figure 9, the base 
portion 96 of the heat sink 42 is substantially rectangular-shaped, and is approximately 
the same size as the planar member 56. 
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As shown in Figure 10, the side walls 98 are bent so as to define a pair of 
opposed concave portions 102 adjacent the intersections of the side walls 98 with the 
base portion 96 of the heat sink 42. A pair of opposed convex portions 104 of the 
end walls 98 are formed above the concave portions 102. The side walls 98a and 98b 

5 preferably define a space therebetween that is sized to snugly receive the light guide 

44. The heat sink 42 preferably comprises a material that readily absorbs heat and 
that is highly heat conductive, such as copper. 

Figures 11 and 12 show the illumination device 40 in an assembled state. As 
best shown in Figure 12, the light guide 44 is positioned within the heat sink 42 such 

10 that the planar member 56 of the light guide 44 is in a spaced parallel relationship to 
the base portion 96 of the heat sink 42. As best shown in Figure 4, a set of legs 72 
extend downwardly from the bottom surface 58 of the planar member 56. In the 
illustrated embodiment, two legs 72 are located near opposite comers of the planar 
member 56. However, the size, position, and number of legs 72 may be varied. With 

15 reference to Figure 12, the legs 72 of the light guide 44 extend through apertures in 

the base portion 96 of the heat sink 42. The protruding ends of the legs 72 are used 
as reference points to facilitate alignment of the illumination device 40 during 
assembly. 

With reference to Figures 11 and 12, an LED strip 51 is positioned between 
20 each of the side edges 62 of the light guide 44 and each of the side walls 98 of the 
heat sink 44. The LED strips 51 are preferably oriented so that an LED 50 is 
disposed at each of the mouths 71 of the spaces 70 between the guide members 60. 
The bent side walls 98 of the heat sink 42 causes the convex portions 104 (Figure 10) 
of the side walls 98 to exert pressure against the LED strips 51 to thereby maintain 
25 a strong mechanical contact between the heat sink 42 and the LED strips 51. This 

facilitates the transfer of heat from the LEDs 50 to the heat sink 42. The pressure that 
the side walls 98 exert against the LED strips 51 is also transferred to the light guide 
44 to thereby provide a slight biasing force of the guide members 60 on the 
waveguide 46 to inhibit the various components of the illumination device 40 from 
30 falling apart. 
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With reference to Figures 1 1 and 12, the waveguide 46 is mounted on the light 
guide 44 such that the bottom surface 92 of the waveguide 46 is juxtaposed with the 
top surface 57 of the light guide 44. As mentioned, the side surfaces 94a and 94b of 
the waveguide 46 preferably abut the apexes 66a and 66b, respectively, of the guide 
members 60. The cover 48 (shown in phantom lines) is mounted over the periphery 
of the waveguide 46 with the aperture 82 preferably aligned midway between the 

apexes 66a and 66b. 

In operation, the LEDs 50 are energized to introduce light into the waveguide 
46. Preferably, the LEDs emit light having a wavelength in the range of 400 nm to 
700 nm. The portion of the diffusive reflective top surface 57 between the diffusive 
reflective surfaces 65, together with the diffusive reflective interior surface of the top 
wall 85 of the frame 80, and the diffusive reflective side surfaces 65 of the guide 
members 60 form a series of diffusive reflective air filled cavities that confine the 
emitted light and inject it into the side surfaces 94 of the waveguide 46. 
Advantageously, the guide members 60 facilitate a uniform distribution of light from 
the point light sources into a peripheral portion (Figure 13) of the waveguide 46, 
adjacent to the cavities. 

Figure 13 is an enlarged top view of a pair of the guide members 60 with an 
LED 50 positioned at the mouth 71 of a cavity comprising a space 70 between the 
guide members 60. Light rays from the LED 50 are represented by dashed lines. As 
shown, light rays emitted laterally from the LED 50 impinge the diffusive reflective 
side surfaces 65 of the guide members 60. The angled side surfaces 65 reflect the 
light rays into the waveguide 46. This reflected light fills the regions between 
adjacent LEDs 50 to thereby provide a relatively uniform distribution of light injection 
from the LED 50 into the peripheral portion 93 of the waveguide 46. The plurality 
of LEDs 50 along the length of the side surfaces 94 of the waveguide 46 thus provide 
a more or less uniform illumination profile along the peripheral portion 93 of the 
waveguide 46 adjacent the cavities 70. 

Once injected into the waveguide 46, the light is guided towards the center of 
the aperture 82. The diffusive reflective surfaces, including the diffusive reflective top 
surface 57 of the light guide 44 and the diffusive reflective end surfaces 95 of the 



waveguide 46, mix the light to facilitate a uniform distribution across the aperture 82. 
The light eventually achieves the correct angles of incidence to exit the waveguide 46 
through the top surface 90 and out of the aperture 82 in the cover 48. As shown in 
Figure IB, the illumination device 40 is juxtaposed with the LCD display 36 so that 
the light exiting the illumination device 40 backlights the LCD display 36. 

Referring to Figure 13 A, in another embodiment, the waveguide 46 may be 
configured to include v-shaped grooves. The edges of the waveguide 46 (between the 
top and bottom surfaces thereof) may be coated with a diffusive reflective material to 
form diffusive reflective surfaces 67 within the v-shaped grooves. The LEDs 60 may 
be recessed into respective notches in the waveguide on flats between the v-shaped 
grooves. The diffusive reflective surfaces 67 on the waveguide material provide the 
same function as the diffusive reflective surfaces 65 of the guide members 60 
(discussed above), thereby permitting the guide members 60 to be eliminated if 
desired. The portions of the waveguide material between the v-shaped grooves thus 
provide a series of diffusive reflective cavities 69 which uniformly illuminate the 
peripheral portion 93 of the waveguide that is adjacent the cavities 69. Although 
formed of transparent solid material, the cavities 69 function in substantially the same 
manner as the air-filled cavities 70 shown in Figure 13. 

Referring to Figure 12, the top surface 90 of the waveguide 46 may be covered 
with an angular spectrum restrictor 108 that restricts the output radiation pattern from 
the aperture 82 of the cover 48 to a predetermined range of angles (in this context, the 
term "spectrum" is used in the sense of an angular spectrum rather than a wavelength 
spectrum). The angular spectrum restrictor 108 comprises a planar micro-replicated 
optical structure, such as a holographic diffuser, binary diffractive diffuser, or array 
of microlenses or prisms. In the preferred embodiment, the angular spectrum restrictor 
108 comprises a brightness enhancing film (BEF) which, in addition to restricting the 
output spectrum, enhances the intensity of the illumination from the illumination 
device 40. 

The BEF 108 is preferably placed in physical contact with a diffuser 110 to 
collectively form a light quality enhancing apparatus (LQE) 112. In Figure 12, the 
thickness of and spacing between the BEF 108 and the diffuser 110 is shown only for 



clarity of illustration. Preferably, the diffuser 110 is disposed between the BEF 108 
and the waveguide 46 and in contact with the waveguide 46. The diffuser 110 
desirably removes the effect of residual nonuniformities, such as cosmetic 
imperfections, in the surfaces of the waveguide 46. The diffuser 110 may comprise 
a translucent material, typically a thin plastic surface or volume diffuser, both of 
which are characterized by very low absorption and minimum energy losses. The 
diffuser 110 may be supplemented or replaced with a groove or scratching pattern on 
the top surface 90 that is formed by abrading the top surface 90 of the waveguide 46 
with an abrasive, such as sandpaper. The abrading is preferably non-uniform such that 
the density of the scratches or grooves increase with distance from the light-emitting 
diodes 50. 

As mentioned above, the BEF 108 restricts output illumination within defined 
boundary lines and also increases the brightness of the light exiting the aperture 82. 
In the preferred embodiment, the BEF 108 is a commercially available thin film 
having linear pyramidal structures, such as 3M model 90/50 film. The BEF transmits 
only those light rays from the waveguide that satisfy certain incidence angle criteria 
with respect to the top surface 90 of the waveguide 46. Ail other light rays are 
reflected back into the waveguide 46 toward the bottom, side, or end surfaces 92, 94, 
and 95 respectively, where they are reflected. In effect, the reflected rays are 
"recycled" until they are incident on the BEF 108 at an angle which permits them to 
pass through the BEF 108. 

As is well known, a BEF, such as the BEF 108, concentrates illumination 
within boundaries defined by a pair of mutually inclined planes (which in cross- 
section form a "V") and does not provide concentration in the orthogonal direction. 
In some applications of the invention, it is preferable to concentrate the illumination 
within two orthogonal directions, and for such applications, a second BEF oriented 
orthogonally to the first BEF, may be included. With two crossed BEFs, the emission 
from the waveguide will be v^thin boundaries resembling a truncated inverted cone. 
As is conventional in the art, the boundaries are defined by the full-width, half- 
maximum (FWHM) of the optical intensity. By way of example, the boundaries of the 
cone may be inclined relative to a line normal to the top surface 90 by an angle of no 
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more than about 35 degrees, in which case the illumination will be visible only within 
viewing angles of 35 degrees or less. 

As mentioned, the heat sink 42 greatly improves the efficiency of the 
illumination device 40 by absorbing and dispersing heat generated by the LEDs 50. 
Light-emitting diodes typically undergo a significant decrease in light output over time 
after being initially energized. This is a result of the relatively high build-up of heat 
in the LED, which is caused by the relatively small thermal mass of a typical LED. 
Figure 13 is a graph illustrating the light emitted by the illumination device 40 as a 
function of time. The solid line represents the light output of the illumination device 
utilized without the heat sink 40. After an initial illumination of Iq at energization, 
the LED typically undergoes a 25% decrease in light output after 60 seconds. The 
light output of the LED then gradually decreases over time until it reaches equilibrium 
after about 5 minutes with no heat sinking. 

The dashed line of Figure 14 represents the light output of the illumination 
device 40 when used with the heat sink 42. Advantageously, the heat sink 42 absorbs 
heat from the LEDs so that the there is significantly less decrease in light output over 
time. The thermal equilibrium of the illumination device 40 is thus improved when 
the heat sink 42 is incorporated in the illumination device 40. Typically, a device 
utilizing the heat sink 42 provides a 25% to 30% increase in light output (measured 
in foot lamberts or candela per square meter) over an illumination device 40 that does 
not use the heat sink 42. 

Although the foregoing description of the preferred embodiment of the 
preferred invention has shown, described, and pointed out certain novel features of the 
invention, it will be understood that various omissions, substitutions, and changes in 
the form of the detail of the apparatus as illustrated as well as the uses thereof, may 
be made by those skilled in the art without departing from the spirit of the present 
invention. Consequently, the scope of the present invention should not be limited by 
the foregoing discussion, which is intended to illustrate rather than limit the scope of 
the invention. 




